Experimental Details

Materials
4,4'-Biphenyldicarboxylic acid (BPDC, 1) was purchased from Aldrich and used without purification. 2,2'-Diiodo-[1,1'-biphenyl]-4,4'-dicarboxylic acid (2), 1 2,2'-dihydroxy-1,1'-biphenyl-4,4'-dicarboxylic acid (3) and 2,2'-dimethoxy-1,1'-biphenyl-4,4'-dicarboxylic acid (4) were synthesised by published methods. IRMOF-9_OH and IRMOF-9_OCH 3 were prepared according to literature methods. 2 Where dry solvents are specified, solvents were dried over 4 Å molecular sieves and stored under argon. The Campbell microanalytical laboratory at the University of Otago, Dunedin performed all elemental analyses.
Syntheses
Preparation of IRMOF-9. 4,4'-Biphenyldicarboxylic acid (1) (0.03 g, 0.12 mmol) and zinc nitrate hexahydrate (180 mg, 0.69 mmol) were sonicated for 5 min in dry DMF (10 mL). The mixture was placed in 100°C oven for 18 h to yield clear colorless crystals. The DMF was decanted off and replaced with fresh dry DMF. This was repeated three times and the crystals were left to stand in DMF overnight. The DMF was decanted and the product was immersed in dry chloroform. After one hour the chloroform was decanted and replaced with fresh dry chloroform for 18 h. The chloroform was decanted and fresh dry chloroform was added.
After 1 h the crystals were transferred to ASAP 2020 analysis tube, dried using a stream of nitrogen and then placed under vacuum. 
Preparation of IRMOF-
Dynamic behavior of IRMOF-9
Synthesis and activation of IRMOF-9 was done utilizing dry solvents, with the gating effect of IRMOF-9 most pronounced when, during the activation of the material, the vacuum was lowered slowly at the rate of approximately 50 mmHg every 5 minutes down to maximum vacuum. This allowed the crystals to be activated slowly to limit crystal cracking. The gating behaviour of IRMOF-9 was monitored by in-situ gas adsorption and powder X-ray diffraction experiments ( Figure S3 ). The results indicate a significant change of state between points a, c
and e corresponding to a shift in the framework under pressure; the change is reversible on desorption. Figure S4 . An adsorption isotherm for CO 2 in IRMOF-9 measured at 195 K and PXRD patterns at different points (a-i) on the isotherm.
Simulation Methods and Models
The adsorption of pure CO 2 and H 2 was simulated by grand canonical Monte Carlo (GCMC) method. 6 Because the chemical potentials of adsorbate in adsorbed and bulk phases are identical at thermodynamic equilibrium, GCMC simulation allows one to relate the chemical potentials of adsorbate in both phases and has been widely used for the simulation of adsorption. The framework atoms are kept frozen during simulation. The LJ interactions were evaluated with a spherical cutoff equal to half of the simulation box with long-range corrections added; the Coulombic interactions were calculated using the Ewald sum method.
The number of trial moves in a typical GCMC simulation was 2  10 7 , though additional trial moves were used at high loadings. The first 10 7 moves were used for equilibration and the subsequent 10 7 moves for ensemble averages. Five types of trial moves were attempted in GCMC simulation, namely, displacement, rotation, and partial re-growth at a neighboring position, entire re-growth at a new position, and swap with reservoir. Unless otherwise mentioned, the uncertainties are smaller than the symbol sizes in the figures presented.
Experimental adsorption isotherms are usually reported in the excess amount ex N while simulation gives the absolute amount ab N . To convert from ab N to ex N , we use 9 It has been demonstrated that the quantum effects can reduce H 2 adsorption by 10-15% compared to classical simulation over the entire range of pressure. 10 Therefore, the quantum effects are includes in this study. The interactions of gas-adsorbent and gas-gas were modeled as a combination of pair-wise site-site LennardJones (LJ) and Coulombic potentials. The LJ potential parameters of the framework atoms except iodine atom, are adopted from Dreiding force field, 11 whereas for iodine atom, Universal force field is employed. 12 The force field parameters were slightly rescaled to match the experimental CO 2 isotherm in IRMOF-9. The predicted isotherms using the rescaled empirical force field is compared with the simulated isotherms of Han et al. 13 which
is based on first-principle based force field (see, Figure S10 ). A reasonably good agreement is obtained between our simulation data with Han et al. work. Table S1 lists the set of LJ parameters used to predict CO 2 isotherm in IRMOF-9. The Lorentz-Berthelot combining rules were used to calculate the cross LJ interaction parameters.
The experimentally determined crystal structures for IRMOF-9, IRMOF-9-OCH 3 , and IRMOF-9-I were used in simulations. The X-ray structure indeed shows disorder over two sites in the framework, however, this represents static crystallographic disorder. Within the MOF framework there is a low rotational energy barrier for the phenyl moieties of the organic links thus allowing free rotation. 14 Thus, static rotational disorder can be considered an artifact of the diffraction experiment. However, to assess the potential effect of disordered sites on our modelling of CO 2 uptake, we simulated two different structures based on the crystallographic locations of the functional groups at two different sites. For example, for the iodo-functionalised IRMOF-9, the disordered models were accounted for and subsequently relaxed. The CO 2 uptake (shown below) for the two 'disordered' model considered is essentially identical where the functional groups are directed into small pores in the ratio 75:25. Thus, GCMC simulations performed on both models demonstrates that the distribution of functional groups at two different sites has negligible effect on CO 2 uptake. For IRMOF-9-NH 2 and IRMOF-9-OH the structures were built from functionalized IRMOF-9 replacing the methoxy group with hydroxyl and amino group and further optimized using the forcite module of Material Studio. 14 Atomic partial charges are calculated based on fragmental cluster using density functional theory (DFT) as implemented in DMol 3 . 15 The DFT calculation was performed on a cluster model cleaved from the unit cell. The PW91 functional along with the Double- numerical polarization (DNP) basis set was used in the DFT calculations, which is comparable to 6-31G(d,p) Gaussian-type basis set. DNP basis set incorporates p-type polarization into hydrogen atoms and d-type polarization into heavier atoms. From the DFT calculations, the atomic charges were evaluated by fitting to the electrostatic potential using the Merz-Kollman (MK) scheme as listed in Table S2-S6. 16,17
Density functional theory calculations
Our first principles calculations were performed using density functional theory (DFT) as implemented in software package VASP. 18 Electron exchange and correlation were described using the generalized gradient approximation form and the projector-augmented wave potentials were used to treat core and valence electrons. 19 In all cases, we used a plane-wave kinetic energy cutoff of 500 eV and a Gamma-point mesh for sampling the Brillouin zone.
The supercell vectors as well as all the ionic coordinates were relaxed until the HellmanFeynman ionic forces were less than 0.02 eV/Å. It is known that the generalized gradient approximation of the DFT method does not take into account any weak dispersion interactions. 20 Therefore, the static binding energies for weakly-bound adsorbate molecules were computed using dispersion-corrected semi-empirical DFT-D2 method. 21 The initial locations of the adsorbate molecules in the primitive cell of framework were obtained using the classical simulated annealing technique module in Materials Studio V6.0.0 from Accelrys Software Inc. In the simulated annealing method, the temperature is lowered in succession allowing the gas molecule to reach a desirable configuration based on different moves such as rotate, translate and re-position with preset probabilities of occurrence. This process of heating and cooling the system was repeated in several heating cycles to find the local minima. Forty heating cycles were performed where the maximum temperature and the final temperature were 10 5 K and 100 K, respectively. The NVT ensemble process consisted of 10 7 equilibration steps followed by 10 7 production steps, with the properties calculated from the latter steps . Static binding energies (ΔE) at 0 K were calculated using the expression ∆ , where E x refers, respectively, to the total energies of the IRMOF + adsorbate complex, the IRMOF structure and an isolated adsorbate molecule. With this definition, negative adsorption energy denotes an exothermic reaction, where it is energetically favorable for the gas molecule to adsorb in the framework. 
